ABSTRACT OBJECTIVE: Suicide rates in Quebec over the second half of the 20 th century show a wide range of variation depending on age and time period. However, few studies have verified the presence of a cohort effect affecting trends in Quebec suicide rates. This study is designed to evaluate the potential effects of age, period and cohort (APC) on trends in suicide between 1950 and 2009 in Quebec.
S
uicide ranks tenth among all causes of death in Canada and is the principal cause of death by trauma. 1 In Quebec there were more than 1,100 deaths by suicide in 2009, nearly double the number associated with motor vehicles.
2 For a number of years, Quebec's suicide rates were the highest in Canada. 3 The rate tripled between 1950 and 2000 -an increase that occurred primarily among men. For more than 60 years, suicide rates in Quebec have peaked during adulthood and then declined among the elderly, in contrast to the prevailing situation in most other industrialized countries where the rate continues to rise with age. 4 In addition, suicide rates among young Quebecers increased from the 1970s through the end of the 1990s, but declined thereafter. Beaupré and St-Laurent 3 suspected a cohort effect on suicide rate among generations born after World War II (baby boomers).
Age-period-cohort analyses (APC) have been used for decades to study numerous health problems such as cancers, hip fractures and suicide. [5] [6] [7] In trends analysis, age (A) is often considered to be a physiological change in individuals, but also an accumulation of exposures influencing the onset of disease. Time period (P), on the other hand, represents an external influence affecting almost all individuals simultaneously and including major events such as wars and economic crises that influence the course of a population's state of health. Cohort effect (C), for its part, is often defined as being a risk specific to a group of individuals born within the same years. 8 These three variables are interconnected, since birth cohort is calculated by subtracting date of death (period) from age (C = P -A). Due to the interdependence or collinearity among these variables, all of which are associated with time (age, time period and cohort), identifying the impact of a particular variable in a given instance may be problematical. This interdependence is also known as an identification problem. Various statistical methods have been developed over the years to mitigate this identification problem and make it possible to more readily distinguish each variable's respective effects. 9 The current study is designed to verify the presence of age, period and cohort effects in the distribution of Quebec suicide rates between 1950 and 2009. A secondary goal is to evaluate the impact of these three effects on suicide rate trends. The same definition of suicide was used in these decades but it could be interpreted in various ways by the coroners through time. 10 Since there are some differences in suicide behaviour between men and women, the analyses are stratified by sex, as done by previous authors.
Source of data
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Statistical analyses
Mortality rates by suicide were calculated by five-year period for each sex and by five-year age group (ages 15-19 to ages 80-84) using the corresponding census population estimates from census data as the denominator. The 12 periods that extend from 1950-1954 to 2005-2009 are grouped together in a table covering 15 age groups with diagonals that determine 25 birth cohorts beginning in 1870-1874. Table 1 presents suicide rates by age group and period for each sex. The last age group (85+) was excluded from our analyses because it represents an open-ended class for which it is difficult to associate a specific cohort. Less than 1% (N=267) of all suicides occur in this age group.
Analysis of the results was carried out in several phases for each sex as proposed by Keyes et al. 8 As in all APC studies, the first step involves a graphic approach to visually represent changes in mortality rates according to periods and cohorts. The second step consists of a median polish of the logarithmic transformation of those rates. The median polishing serves to eliminate the additive effect of age and period and is done by subtracting the median from each row and column in the table of suicide rates by age and period. After several iterations, this technique rapidly converges toward a matrix of residual values that includes two components: a systematic component (cohort effect) and a non-systematic component (random error).
14 A linear regression of these residuals then allows an estimate of the effect of each cohort. The results of the analyses are reported in the form of rate ratios using the following as refer- declined. These rate fluctuations were more pronounced among men than women. The distribution of rates according to age shows that suicide increases in adulthood, peaks for men toward the end of their forties, then declines among those in the ≥65 years age group (Figure 1) . However, suicide rates according to age have changed considerably over time, with a significant increase among Quebecers under age 30 during the 1960s and 1970s. Thereafter, the highest rates were among adult men during the 1990s and 2000s, as previous studies had shown. 10, 15 The effect of age on suicide rates is more constant among women, with the highest rates occurring among those aged 50 to 54. Figure 2 shows the variation in rates by cohort, with an increase in rates particularly before age 50. An appreciable period effect is also observed, with peak rates that overlap for the cohorts born between 1950 and 1969. These curves also indicate an age effect, with suicide rates among men tending to rise rapidly after adolescence, and then declining toward their mid-forties, an age at which the curves tend to coincide. Also noteworthy is the fact that suicide rates for cohorts born after 1945 tended to rise over time up to the end of the 1980s. We also analyzed cohort effects in the three male cohorts born from 1955 to 1969 by comparing the curve for suicide rates, first with and then without the cohort effect (Figure 3) . The three cohorts illustrated in the example appear to have slightly lower rates compared to the rates observed once the cohort effect is eliminated. This weak cohort effect did not modify trends in suicide rates over age for the 1955 to 1969 cohorts.
RESULTS
Graphic approach
Analysis of cohort effects by median polish
DISCUSSION
Analysis of the age, period and cohort components in Quebec suicide rates over a period of 60 years using a multiphase approach including a graphic analysis and a median polish modelling shows, as its primary result, an effect related to age and period, and certain significant but lesser cohort effects. Variation in suicide rates is especially linked to age among women, whereas period seems to be a more important factor among men. It is interesting to note that this age effect has been present in Quebec for several decades. The results of the current study confirm those obtained in Quebec and Canada, where cohort effects were reported primarily among men, and on a more modest scale among women. 3, 7, 11, 12 Recent studies conducted in other countries using analysis methods to obviate the identification problem due to collinearity among age, period and cohort effects generally show a weaker effect for cohort than for age or period. 16, 17 In the United States, Keyes and Li (2012) conducted a study based on more than a century of suicide data using the same statistical analysis method with a median polish approach. They found a progressively increasing cohort effect among men born after World War II, with a risk more than three times higher among men born after 1980 compared to the reference cohort (1910) (1911) (1912) (1913) (1914) . 13 However, contrary to our result, Keyes and Li did not find any period effect on trends in American suicide rates.
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A period effect is observed and is present especially among men in our study. Quebec suicide rates have varied widely over the last six decades, particularly in the 1995-1999 period, which registered a record number of deaths. These rate variations affected practically all age groups, but more particularly men. Such period effects had also been observed in other countries, with rate increases associated with economic recessions and major natural events in rural regions (e.g., severe droughts in Australia). Suicide rate reductions are also correlated with reduced access to means of suicide such as carbon monoxide or firearms. [18] [19] [20] [21] [22] We should also underline the potential impact of integrated approaches (like "Stratégie Québécoise de prévention du suicide") and prevention programs implemented in Quebec in the late 1990s in contributing to the reduction of suicide rates. Availability to early detection and treatments of depression by general practitioners can reduce an important factor for suicide. 21 Also, tighter monitoring of suicidal people, restricted access to means for suicide, and programs targeted to teenagers implemented in the last decade can contribute to suicide reduction. 18 The effect of these actions on the suicide rates was not evaluated in Quebec, but they can contribute to their decrease as seen elsewhere. 21, 23 The results of the current study show no obvious cohort effect on the variation in suicide rates over the past 60 years. Thus, for prevention programs, selection of risk groups should be based on characteristics such as age and other known risk factors for suicide in both women and men.
Certain limitations of the APC analysis should be noted. First, the results may be affected by the quality of the data used across time and by age group. Numerous publications concerning the validity of suicide data suggest that suicide is under-reported, with the degree of under-reporting depending on period, age, sex, country, social acceptability, and especially the system for determining cause of death. 24, 25 A recent meta-analysis suggests that in industrialized countries, approximately 10% of suicides are attributed to another cause. 26 This meta-analysis is further corroborated by a French study which, after reclassification of a sample of deaths, indicated a suicide misclassification rate of 9%, with even higher percentages among the elderly and women. 27 It seems highly likely that suicide is also under-reported in the Quebec data, but all indications seem to be that the degree of under-reporting remains acceptable across time and that the data provide a valid basis for a longitudinal study. study. 29 We conducted a supplementary sensitivity analysis for the 1970-2009 period in order to evaluate the potential effect of an increase in under-reporting in the 1950s and 1960s. The same multiphase analysis made over this shorter period (data not presented, available on request) did not change our conclusions, which demonstrate the predominance of period effects among men and of age effects among women, with weaker cohort effects.
The recent phenomenon of increasing life expectancy implies that there will be more and more elderly in Quebec, especially people aged 85 years and over. There are few historical data on suicide for this age group and it is difficult to anticipate what sorts of behaviours will be adopted by individuals arriving at advanced old age. Our analysis cannot provide details for this specific age group.
CONCLUSION
The use of a method that simultaneously controls for APC effects shows that Quebec suicide rates over the past 60 years are influenced primarily by an age effect and a period effect. A cohort effect is also observed, weak but significant among men born in the 1950s, 1960s and 1970s. There is no pronounced cohort effect among women. Based on the data for the past 60 years, it appears likely that for cohorts arriving at what is commonly referred to as their "senior years", the suicide rate will decline, just as it did for their predecessors, with a greater decline among women than men. Quebec has seen a drop in suicide rates for all age groups since the beginning of the 2000s, with a marked decline among the young and with nothing currently suggesting that rates are likely to rise again. However, it is unwise to assume that suicide rates will remain constant and it is difficult to predict how a period effect due to external circumstances might affect this trend. This type of APC analysis provides an additional tool for chronological study of the incidence of death across the population. 
